Purpose of Review: This article reviews some of the unusual sports-related neurologic disorders within the new and rapidly growing field of sports neurology that neurologists may encounter. Recent Findings: Surfer's myelopathy is a potentially tragic disorder predominantly affecting novice surfers, leaving many who are affected by this condition with permanent paralysis. Neck-tongue syndrome is a rare primary headache disorder that can occur in athletes and nonathletes, and consists of paroxysmal neck and occipital pain and transient ipsilateral tongue numbness, triggered by sudden rotation of the neck. Athletes are also at risk for cervical arterial dissections, with golfers especially prone to vertebral rather than carotid dissections. Finally, ''the yips'' likely represents a form of occupational dystonia described in golfers. Summary: The syndromes described in this article range from relatively minor syndromes that cause discomfort or abnormal movement to potentially devastating cerebrovascular or myelopathic syndromes. Although the disorders described in this article are not common, they can affect individuals involved in sports at all levels, from the novice to the elite athlete, and may present to any neurologist. Neurologists should be aware of the potential for these syndromes to occur as a consequence of athletic activities in order to provide the most appropriate diagnosis, management, and counseling.
SURFER'S MYELOPATHY
Surfer's myelopathy is a rare disorder first described by Thompson and colleagues in 2004 in a series of nine cases involving novice surfers who developed acute paraparesis during or shortly after their first attempt at surfing. 1 It is felt to arise from nontraumatic ischemic myelopathy secondary to continued hyperextension of the back. 1Y8 Since the original description, there have been fewer than 60 reported cases in the medical literature, with the majority of the reported cases sustaining significant and permanent paralysis. 1Y8 The initial symptoms of surfer's myelopathy include back pain (with some patients reporting feeling a crack or pop) and lower limb weakness that often begins after attempting to take off from a surfboard (when the surfer paddles for a wave, then pushes his or her body up to a standing position). Symptoms tend to progress over a period of a few hours with the development of a variable pattern of hyperalgesia, hyperesthesia, urinary retention, and increasing weakness, often to the point of paraplegia. 2, 3 Diagnosis is confirmed by MRI, which typically demonstrates diffuse nonspecific cord edema as demonstrated by increased signal on T2-weighted imaging (usually from the T6-T8 level to the conus) and increased signal on diffusion-weighted imaging with correlating decreased signal on apparent diffusion coefficient mapping, both of which are consistent with cytotoxic edema in the setting of spinal cord infarction. 5 CSF often shows elevated protein, with a mild increase in both red and white blood cells consistent with ischemia and slight hemorrhagic infarction. 3 CT angiography of the thoracic aorta and spinal angiography are typically normal. 3 Several etiologies of anterior spinal cord ischemia triggered by prolonged and repeated back hyperextension have been proposed, including: (1) an ischemic event to the watershed zone between the anterior and posterior spinal circulation caused by vasospasm of the artery of Adamkiewicz; (2) avulsion of the perforating arteries; and (3) borderline perfusion, as a result of tension of the spinal cord. 7 The anterior spinal cord is more vulnerable to infarction in the lower thoracic region than the posterior spinal cord because the radicular artery (artery of Adamkiewicz) supplies the anterior spinal artery, which has a lessextensive collateral blood supply. 6 Others have suggested that surfer's myelopathy is a result of a venous infarction caused by dynamic vena cava obstruction by the liver in a prone position, combined with a Valsalva maneuver when maneuvering from prone to standing. 1Y8 However, a venous infarction would be expected to produce circumferential cord involvement and would not explain patients who present with an anterior cord lesion. Emboli (aortic, fibrocartilaginous, cardiogenic), dehydration, and hypercoagulable state because of prolonged travel have also been proposed. However, none of the published reports have provided much in the way of evidence to support those theories.
All reported patients with surfer's myelopathy were, at best, young novice surfers who experienced symptoms after prolonged periods of lying prone in a hyperextended position (Case 7-1). 1Y8 Some have suggested a thin body habitus as a possible risk factor. 1 Inexperienced surfers likely have less-developed lumbar paraspinal muscles (when compared with experienced surfers) and therefore may exert considerably more force on the spine. 7 However, this does not explain the relative rarity of the disorder given the thousands of individuals who take up surfing each year. Furthermore, Chang and colleagues reported that the majority of their patients had a welldeveloped muscular build. 3 A more likely reason for the prevalence in novice surfers is that novice surfers tend to lie prone on their surfboards while waiting for a wave, while experienced surfers tend to sit upright, therefore avoiding prolonged periods of hyperextension and thus decreasing the risk of spinal artery compression. 3 Immediate treatment should include a detailed history, comprehensive neurologic examination, and urgent MRI to evaluate for spinal cord pathology, with the severity of spinal cord ischemia on admission being the best predictor of outcome. 3 Various treatment paradigms have been attempted, including methylprednisolone, increasing perfusion by blood pressure augmentation, and lumbar drainage to improve spinal cord perfusion. Unfortunately, none of the aforementioned modalities have been shown to be effective on improving outcome. 3 Awareness of the inherent risk in novice surfers, and thus prevention, appear to be the only viable options to improve outcome at this time.
NECK-TONGUE SYNDROME
Neck-tongue syndrome is a rare headache disorder first described by Cyriax in 1962 and later by Lance and Anthony in 1980. 9 h The anterior spinal cord is more vulnerable to infarction in the lower thoracic region than the posterior spinal cord because the radicular artery (artery of Adamkiewicz) supplies the anterior spinal artery, which has a less-extensive collateral blood supply.
h All reported patients with surfer's myelopathy were, at best, young novice surfers who experienced symptoms after prolonged periods of lying prone in a hyperextended position.
numbness of the tongue lasting seconds to up to 5 minutes. Associated symptoms can occur and include dysphagia, dysarthria, lingual pseudoathetosis, and tongue paralysis. 9Y16 The symptoms are almost always triggered by sudden rotation of the neck, almost always to the same side as the pain and numbness (Case 7-2). 9Y16
Of the just over 50 reported cases of neck-tongue syndrome, approximately 10% to 15% were reported in athletes and precipitated by athletic activities such as swimming, bowling, gymnastics, or, as in Case 7-2, softball pitching. 9, 12 Other causes include trauma 9 and poor posture 15 ; however, most are idiopathic. 9Y16
KEY POINTS
h A likely reason for the prevalence of surfer's myelopathy in novice surfers is that novice surfers tend to lie prone on their surfboards while waiting for a wave, while experienced surfers tend to sit upright, therefore avoiding prolonged periods of hyperextension, and thus decreasing the risk of spinal artery compression.
h Neck-tongue syndrome is characterized by sudden paroxysmal neck and occipital pain lasting approximately 1 minute, followed immediately by transient ipsilateral numbness of the tongue lasting seconds to up to 5 minutes.
h The symptoms of neck-tongue syndrome are almost always triggered by sudden rotation of the neck, almost always to the same side as the pain and numbness.
Case 7-1
A 24-year-old woman presented to an emergency department with complete paraplegia after her first surfing lesson, which included 2 hours of practicing paddling lying prone and standing up quickly. She initially noticed lower limb weakness and mild back pain, so she returned to shore, requiring assistance to get back to her hotel room. Three hours later, the weakness and numbness had increased, and she was unable to urinate. On presentation to the emergency department, her vital signs were stable with a normal general examination. Neurologic examination demonstrated a complete lower extremity paraplegia (0/5) with a sensory level to pain and temperature at T11. Vibratory sense and proprioception were preserved, and ankle jerks were diminished. Routine laboratory workup, including complete blood cell count with platelets, electrolytes, erythrocyte sedimentation rate, and C-reactive protein, as well as prothrombin and partial thromboplastin times, was normal, as were additional laboratory studies for hypercoagulability and autoimmune diseases (eg, proteins C and S, anticardiolipin antibody, rheumatoid factor, serum immunoglobulins, and antinuclear antibodies). Plain radiographs of the thoracic and lumbosacral spine and chest x-ray were normal. ECG was normal. MRI of the thoracic and lumbar spine performed 10 hours after initial presentation demonstrated no significant abnormalities. Follow-up MRI three days later revealed T2-weighted signal hyperintensity in the anterior spinal cord from T6 to the conus medullaris consistent with an ischemic myelopathy. Diffusion-weighted images suggested an acute infarction. She was started on clopidogrel, and CT angiography 6 days after her initial presentation demonstrated an intact proximal artery of Adamkiewicz. Distal artery of Adamkiewicz and anterior spinal artery patency could not be determined because of technical limitations. Transthoracic echocardiography showed no embolic source or patent foramen ovale. The patient was transferred for spinal cord rehabilitation, and at 1 month noted improved proximal lower extremity muscle strength with partial recovery of her ability to urinate. At 6 months, there was persistent paresthesia. Her lower extremity muscle strength improved to the point where she could walk with the use of crutches and urinate by reflex voiding. A follow-up MRI of thoracic and lumbar spine showed the spinal cord hyperintensities had subsided. At 1 year, she could walk with a single cane with marked spasticity of her lower extremities.
Comment. This case demonstrates an unfortunate outcome in a young novice surfer with a clinical presentation consistent with surfer's myelopathy. Children and adolescents appear to have a propensity for the disorder. 9, 12 The differential diagnosis includes posterior circulation TIA, migraine, vertebrobasilar insufficiency, upper cervical radiculopathy, cervical myelopathy, and multiple sclerosis.
Current consensus is that two types of neck-tongue syndrome exist: complicated and uncomplicated. Complicated neck-tongue syndrome occurs second-ary to underlying disease (eg, from inflammatory or compressive causes). Pathology of the occipito-atlantoaxial joints has been noted in a number of cases. 9 Uncomplicated neck-tongue syndrome can be idiopathic, hereditary, traumatic, or related to sports. 10, 12 The pathogenesis of neck-tongue syndrome is thought to result from subluxation/compression in the upper cervical region, secondary to spasm of KEY POINTS h Current consensus is that two types of neck-tongue syndrome exist. Complicated neck-tongue syndrome occurs secondary to underlying disease (eg, from inflammatory or compressive causes). Pathology of the occipito-atlantoaxial joints has been noted in a number of cases. Uncomplicated neck-tongue syndrome can be idiopathic, hereditary, traumatic, or related to sports.
h The pathogenesis of neck-tongue syndrome is thought to result from subluxation/ compression in the upper cervical region, secondary to spasm of the upper cervical muscles, or even a combination of the two.
Case 7-2
A 16-year-old right-handed female high school fast-pitch softball player presented with a history of sudden onset of left-sided occipital and cervical pain and numbness in the left pharynx and along the left side of her tongue every time she attempted to pitch. She reported experiencing cervical discomfort about a month or two before the onset of the symptoms, and there was no history of head or neck trauma. Her typical pitching motion resulted in rotation and side bending of her neck to the left; she finished with her torso slightly rotated to the left, with neck extended and rotated to the left. General and neurologic examinations were completely normal, including tongue sensation and movement. Musculoskeletal examination demonstrated pain on palpation in the suboccipital and cervical paraspinal muscles on the left, at the level of the C2-C3 spinous processes; left sternocleidomastoid muscle; and left trapezius and levator scapular muscles. There was no pain on palpation over the greater occipital nerves; auricular nerves; or masseter, temporalis, or occipitalis muscles. There was no dystonic posture, and cervical range of motion in all planes was normal. When rotating her head to the extreme left, she experienced a sudden sharp shooting pain in the left occipital and cervical region with associated numbness on the left side of her tongue. The symptoms appeared to be slightly more intense if she added a side bending component to the left. Laboratory testing including sedimentation rate, C-reactive protein, and rheumatoid factor were normal. X-rays of the cervical spine, including flexion/extension and swimmer's view, were also normal. An MRI of the brain and cervical spine with and without contrast (including thin cuts through the brainstem) were normal. Initial treatment included a 2-week trial of meloxicam, followed by a brief course of oral prednisone, with neither causing significant relief of her symptoms. Utilization of a soft cervical collar for 30 days also provided no relief. She was eventually started on tizanidine 4 mg at bedtime and sent for a course of physical therapy focusing on her cervical spine. After 6 weeks of physical therapy, her symptoms resolved, both with extreme head rotation and with softball pitching.
Comment. This case is an illustration of the typical clinical presentation of neck-tongue syndrome, a rare primary headache disorder that can be sport-related or nonYsport-related and that all neurologists should be aware of and incorporate into their differential diagnosis in patients who present with headache and focal neurologic symptoms.
the upper cervical muscles, or even a combination of the two. 9Y16 The anatomical basis was first described by Bogduk, who hypothesized that sudden axial rotation of the head resulted in stretching of the C1-C2 facet joint capsule, resulting in cervical pain. 17 The upper cervical facet joints receive innervation from nociceptors reactive for substance P and calcitonin generelated peptide. Injury results in activation of afferent pain fibers with C1-C2, C2-C3, and C3-C4 facets referring pain to the vertex, frontal regions, neck, and occiput. 18 Axial rotation also results in mechanical irritation of the C2 ventral ramus, resulting in paresthesia of the ipsilateral half of the tongue. 9, 12 Hypoglossal afferents enter via the ventral rami of C2 and C3, implicating that the hypoglossal nerve has a proprioceptive component, and compression of the ventral ramus of C2 compromises the proprioceptive afferents entering the CNS via connections between the hypoglossal nerve, ansa cervicalis, and cervical plexus. 9, 11, 12 Axial rotation can also cause mechanical irritation of dorsal rami, which gives rise to peripheral nerves including the greater and lesser occipital nerves (C2-C4). 18 The referred pain patterns experienced in necktongue syndrome are consistent with the distribution of both the greater and lesser occipital nerves. Others have suggested that upper cervical muscle spasm/hypertonicity is responsible for the disorder. This hypothesis stems from case reports that neck-tongue syndrome improved or resolved after spinal manipulation. 12 Spasm of the suboccipital muscles, especially the inferior oblique muscle (which arises from the apex of the spinous process of the axis and inserts into the lower and back part of the transverse process of the atlas, resulting in rotation of the head and first cervical vertebra, ie, the atlantoaxial joint) can trigger headache.
The inferior oblique muscle attaches to the cervical dura mater via a fibrous tissue connection that travels through the atlantoaxial interspace, forming a bridge. Spasm of the muscle can cause tension on the dura, resulting in activation of dural nociceptors with residual activation of the trigeminal nucleus caudalis, which, through a complex process, can trigger head and neck pain. In addition, stimulation of dural afferents can result in sensitization of second-order sensory neurons that are more easily activated by neck muscles and greater occipital nerve stimulation. 12, 18 Axial rotation in the setting of spasm of the inferior oblique or other suboccipital muscles can result in irritation of the C2 ventral rami and subsequent paresthesia of the ipsilateral half of the tongue. 12 A number of treatment options for neck-tongue syndrome have been attempted. They include nerve root resection, atlantoaxial fusion, immobilization with a cervical collar, medications (eg, carbamazepine, tricyclic antidepressants, gabapentin, nonsteroidal anti-inflammatory medications, muscle relaxers, antispasmodic medications), injection of local anesthetic/ steroids, and spinal manipulation/ physical therapy. 9Y16 All of the above modalities have shown various levels of benefit with physical therapy being the choice in a majority of the reported cases.
GOLFER'S STROKE AND OTHER SPORTS-RELATED CERVICAL ARTERY DISSECTIONS
Sports-related cervical arterial dissections are a significant cause of stroke in the younger population. Dissection of the cervical arteries (carotid and vertebral) has been reported in a wide variety of sports, including softball, 19 mixed martial arts, 20 volleyball, 21 football, 20 cycling, 20 soccer, 23 weightlifting, 20 ice hockey, 20 diving, 24 and even using a video sports game. 25 A number of cases have been reported in golfers (Case 7-3) 26Y29 and in scuba divers 30 ; however, the actual incidence is unknown. Causes of sportsrelated dissection can be divided into major and minor craniocervical trauma and trivial trauma. 20 Trivial trauma results from maneuvers such as forceful head turning and Valsalva maneuvers, and is reported in approximately 40% of patients with spontaneous internal carotid artery dissection. 20 The majority of patients who sustain arterial dissection while golfing will dissect the vertebral artery, most commonly involving the right extracranial vertebral artery. 28 The greater mobility of the extracranial segments leaves the individual more susceptible to injury by surrounding structures, including bones, ligaments, and contracted muscles. 28 The vertebral artery is most vulnerable as it enters the C6 transverse foramen and as it crosses the atlantoaxial segment. 27 Compression, dissection, and occlusion of the vertebral artery occur most frequently at the junction of C1 to C2. 27 Dissection at the atlantic (V3) portion of the vertebral artery is thought to result because the V3 portion is KEY POINT h The majority of patients who sustain arterial dissection while golfing will dissect the vertebral artery.
Case 7-3
A 38-year-old right-handed man, two strokes behind on the 18th hole, swung a titanium driver with maximum force. The ball traveled approximately 275 yards. On walking off the tee, he experienced a sudden onset of vertigo and an overpowering sensation of falling to his right; he had to grab the golf cart for stability. Nausea, persistent vomiting, and severe occipital and suboccipital pain followed, and he was taken to a local hospital emergency department. Past medical history was only significant for several orthopedic injuries he had sustained during his collegiate athletic career as a football player and wrestler. On examination, he was 5 ft 11 in tall and weighed 106 kg (235 lb). He was alert, cooperative, oriented times three, and reported vertigo and nausea. Neurologic examination showed coarse nystagmus with the fast component to the right, marked right hemiataxia and virtual inability to stand with a propensity to fall to the right. Brain CT and MRI demonstrated evidence for an acute right cerebellar infarction. A conventional angiogram revealed dissection of the right vertebral artery, beginning at the level of C6. A thrombus was seen within the artery. IV heparin was administered, followed by oral anticoagulation. After 2 weeks, his neurologic examination had returned to normal and he was asymptomatic.
Comment. This case is a prototypical example of a vertebral artery dissection occurring in a golfer. A careful review of this patient's golf history and swing mechanics showed that he used a double-shaft titanium driver and attempted to swing as hard he could. He lined up with the ball centered equidistant between his feet, bent his knees, forcefully maintained his head in a downward position, and inhaled deeply on the backswing. As he stroked the ball, he maximally exhaled and rigidly maintained his head in a flexed unmoving and fixed position, while his body rotated forcefully to obtain maximum force at the point of contact with the ball. Whether his golf swing mechanics placed him at particular risk for this complication cannot be certain. exposed without the support of bony structures and rotates freely during inadvertent head movement. 28 In contralateral compression, head rotation results in asymmetric forward and downward movement of the contralateral atlantoaxial joint. As a result, the contralateral vertebral artery is susceptible to injury by either stretching or direct contusion in its fixed position between C1 and C2. 27 Occlusion can also occur as the vertebral artery enters the C6 transverse foramen, where it is anchored by a fibrous band. Head turning results in contraction of the band and subsequent occlusion. 27 Interestingly, arterial dissection in other sports appears to more frequently involve the internal carotid artery. 20 Dissections can occur at both extracranial and intracranial segments of the internal carotid artery. Some causes are obvious (eg, blunt trauma from being hit by a softball) and involve the extracranial portion, in which an intimal tear results in thrombus and allows blood to dissect into the arterial wall. 19, 20 Other possible causes include hyperextension or rotation of the neck in which stretching of the arterial wall in the mobile cervical segment provokes an intimal tear, eg, during a golf swing. 19, 28 Several genetic factors, such as connective tissue disorders (eg, Marfan syndrome, fibromuscular dysplasia, cystic medial necrosis), are associated with the risk of arterial wall dissection. Other predisposing factors include a prior history of dissection, family history of dissection or aneurysm, spondylotic bone spurs, atherosclerotic/ atheromatous plaques, and anatomic anomalies in the artery's course. 27 However, case reports in athletes do not appear to be correlated with such risk factors. 19Y31 Intracranial arterial dissections usually occur in the subintima and are associated with a more severe course and long-term prognosis. 20 Extracranial internal carotid artery dissections involving stretch, traction, extension, or rotation on the internal carotid artery as it crosses the transverse process of the C2 and C3 vertebrae have been reported in individuals participating in soccer, football, hockey, volleyball, tennis, cycling, scuba diving, and golfing. 20, 28 A direct blow to the neck can also result in transmural crush of the artery resulting in secondary injury, thrombus formation, and distal embolization. Sports in which this type of injury may occur include baseball, hockey and tae kwon do. 20 Compression of the internal carotid artery between the angle of the mandible and upper cervical vertebrae from abrupt full flexion of the neck can also cause transmural crush at the junction of the artery and the skull base. 20 The clinical presentation from dissection varies and involves a wide variety of symptoms; however, it is ultimately dependent on whether the anterior or posterior circulation is involved. Dissection of the vertebral artery can initially present with cervical pain; pain radiating to the ipsilateral temporal area, frontal area, eye, or ear; or occipital headache and may precede the onset of neurologic symptoms from seconds to days. 27 Neurologic symptoms of vertebral artery dissection usually develop within hours and can include transient dysarthria, dysmetria, ataxia, dysphagia, vertigo, nystagmus, diplopia, ataxia, ipsilateral Horner syndrome, and crossed sensory deficits. 26, 27 Some individuals may experience embolization to the primary visual cortex, temporal lobes, and thalami, which can result in waxing and waning of symptoms. 27 Individual case reports of carotid artery dissection have initially presented with cervical pain and headache, where others have had focal neurologic deficits at onset. 28, 29 loss, hemiparesis, facial asymmetry, gaze preference, aphasia, and dysarthria. 28 The diagnosis of either carotid or vertebral dissection is usually initially made via MRI, magnetic resonance angiography (MRA), or CT angiography. 27 Carotid Doppler studies have also been used to identify dissections of the carotid arteries. 28 MRA often shows absent flow distal to the occlusion with high-grade stenosis of the affected artery and narrowing of the arterial signal column; intramural hyperintensity may also be seen. 21, 25, 27, 28, 30 MRI may show signal abnormalities associated with cerebellar, cortical, or brainstem infarction; periventricular white matter hyperintensities; or hematoma. 21, 25, 27, 28, 30 Hyperintensity of the vessel wall may be seen on axial T1-weighted images. 27 Contrast angiography remains the gold standard, usually demonstrating luminal irregularities, pseudoaneurysms, intimal flaps, and occlusion of distal arterial branches. An irregular, elongated, and tapered vessel may be seen, referred to as the ''string sign.'' 27 Discussion of treatment of cervical arterial dissections is outside the scope of this article. However, treatment can vary from anticoagulation (heparin or warfarin) to prevent embolic infarction to antiplatelet therapy, and even stenting. 20,21,23,25Y28,30,31 The optimal treatment of extracranial arterial dissections remains unclear; national guidelines support the use of either anticoagulation or antiplatelet medications. 32 The majority of patients will show spontaneous improvement of their symptoms, and most have complete or near-complete recovery. 19Y31 For the sport of golf, in particular, the biomechanics of the golf swing place the golfer at increased risk of carotid and vertebral dissection. The typical golf swing involves rapid and forceful head and body motion, which can lead to repetitive mechanical compression of the extracranial cervical arteries during each swing. The full swing consists of three phases: address, execution, and follow-through. Many golfers, especially amateurs, make the mistake of not accelerating through impact. This results in a rapid deceleration of the body at impact, which significantly increases the risk of injury. 33 Errors in technique during any of the three phases can play a factor in development of arterial dissection. For example, improper positioning of the feet at address can result in loss of balance during the swing, which can result in overrotation of the body, including the cervical region. Overcompensation on the backswing can result in increased coiling/flexion of the neck, causing compression of the internal carotid artery between the angle of the mandible and upper cervical vertebrae or compression of the vertebral artery at the junction of C1 to C2. Improper swing arc, which can result from improper positioning of the feet, lack of knee flexion, improper hand position, flexion of the right arm, or placement of the arm too far from the body, can cause the club head to hit the ground prior to hitting the ball (the ''duff''). This results in a rapid deceleration of the body and a rapid jerking of the neck. The greatest risk of dissection is during the follow-through phase, when rapid rotation of the cervical spine and movement from a flexed to a more neutral position occurs. Prevention of arterial dissection begins with awareness of the condition, especially by teaching professionals. Instruction on proper swing technique and stressing to the player the importance of not overswinging will significantly lower the golfer's risk of dissection. Golfers of all skill levels need to stretch prior to hitting balls or playing a round. Both isometric and isokinetic stretching with focus on the cervical region, hamstrings, hip abductors and adductors, KEY POINT h The typical golf swing involves rapid and forceful head and body motion, which can lead to repetitive mechanical compression of the extracranial cervical arteries during each swing. and shoulders are excellent ways of improving flexibility and preventing injury. Many golf club manufacturers now make golf club swing weights that offer the player isokinetic resistance. Core muscle training throughout the year is also essential and helps to promote proper swing technique.
THE YIPS ''The yips'' is a motor disturbance that predominantly affects golfers during putting and, to a lesser extent, chipping. 34Y42 Many famous golfers have experienced the yips, including Ben Hogan, Sam Sneed, Arnold Palmer, Tom Watson, Bernard Langer, and Tommy Armour. 34Y42 The term yips was first used by Armour over 50 years ago to describe the abnormal hand and wrist movement he experienced while putting. 35 The phenomenon was first described by Foster in 1977 and later by Mardsen, who called the condition golfer's cramps, and Lees, who described the yips as an occupational dystonia. 34Y37,39Y42 The etiology and pathophysiology of the disorder is poorly understood. 34Y42 Current consensus points to a task-specific movement disorder (ie, focal dystonia) similar to writer's cramp or musician's cramp 35, 36, 38 ; however, some characterize the yips as having a psychological basis (eg, ''choking'' or performance anxiety). 34, 38 It is estimated that almost 30% of all golfers develop the yips. 36, 38, 42 Most studies conducted on the yips have used questionnaires and not direct patient examination 36, 38, 42 ; therefore, the actual frequency is unknown. One study involved mailing questionnaires to over 1000 professional and amateur golfers, both male and female. 41 Approximately one-third of the golfers responded (mostly males); 28% reported having yips. The mean age of onset was 35.9 years, and the symptoms began, on average, after 20.9 years of playing golf. The average age of the respondents affected was 50.5 years and was greater than those unaffected (47.5 years). The majority of the golfers (54%) experienced abnormal movements while putting at a distance of 1 to 4 feet. The yips was also more prevalent during tournaments (99%) and was usually associated with an intensification of anxiety (77%). Finally, 68% of the affected individuals reported spontaneous remission that lasted an average of less than 3 months. 42 Golfers who experience the yips report a variety of symptoms, with jerks being the most common (Case 7-4). 34Y36,38,42 Common reported symptoms include jerking (49%), followed by both jerks and tremor (9%), tremors (8%), and both jerks and spasms (7%), with 23% reporting a combination of symptoms. 42 Usually the dominant hand is affected; the key to diagnosis is observed excessive pronation/supination of the wrist with cocontraction of the wrist flexors and extensors during the affected movement. 35 At present, no standard test exists to diagnose the yips. Two separate studies by Alder and colleagues used electrophysiologic analysis combined with video analysis to characterize the disorder. 36, 38 The first study looked at 20 age-and handicap-matched golfers (10 with yips and 10 without). Using surface EMG and EEG analysis along with somatosensory evoked potentials and video analysis, co-contraction of the wrist flexors and extensors was found in 50% of the yipsaffected golfers immediately before putting, compared with 0% in the unaffected golfers. In addition, all yipsaffected golfers had visible twisting and jerking movements of the wrist and forearms during putting. 38 Attempting to expand on their original findings, the group next looked at 50 golfers (25 with and 25 without yips), adding measurements of finger and wrist movements using a flexible glove with embedded KEY POINTS h ''The yips'' is a motor disturbance that predominantly affects golfers during putting and, to a lesser extent, chipping.
h Golfers who experience the yips report a variety of symptoms, with jerks being the most common.
sensors and moving the testing outdoors to a real putting green. They also had subjects complete an anxiety questionnaire and obsessive-compulsive trait questionnaire. Video analysis revealed that 17 golfers had jerking or twisting movements of the wrist or forearm, and 15 had subjective concerns of the yips (10 with concerns did not have involuntary movement). The sensor glove analysis demonstrated significantly more movement around the wrist pronation/supination axis in golfers with video evidence of the yips. The authors were unsure whether the pronation/ supination movements were primary or compensatory. Reported anxiety and obsessive-compulsive trait scales, as well as putts made, did not differ between the yips and nonyips groups. 36, 38 Both studies concluded that the yips is likely a task-specific dystonia. Klämpfl and colleagues recently attempted to develop a standardized method of diagnosing the yips using psychometric and kinematic measures along with direct observation during putting. They recommended the use of standardized screening tests that estimate putter performance and putter kinematics while the golfer putts prior to attempting any type of intervention. 34 Assuming the yips is a type of focal dystonia and not a psychological condition, the pathophysiology of the disorder (and other forms of focal dystonia) is unknown. Theories include: (1) impairment of intracortical inhibitory circuits, resulting in loss of inhibition within the motor system; (2) abnormal sensory-motor integration with reduced connectivity between cortical regions controlling fine motor hand movements; and (3) based on studies in musicians, expansion of the contralateral putaminal gray matter (which exerts influence over the primary motor cortex and may be involved in the automatic performance of previously learned movements) as a result of increased synapse formation from longterm practice. 35 
Case 7-4
A 35-year-old right-handed professional golfer noticed that his right hand involuntary jerked and ''pulled'' while putting. The movements also involved supination at the right wrist and a cramplike sensation in his right hand. The symptoms began at age 23 and had progressed, mainly occurring during tournament play, and worsened with anxiety. The symptoms significantly affected his ability to compete at the professional level. Over the years, he had tried numerous compensatory strategies, including altering the way he gripped the club during putting and visual fixation techniques, but they were ineffective. He had also tried propranolol, which was also ineffective. At age 30, he learned to putt left-handed, which resulted in a resolution of his symptoms; however, any time he attempted to putt right-handed, the symptoms reoccurred. He had not tried using a long putter or botulinum toxin injections. There was no significant medical history or family history of neurologic or psychiatric disorders, including movement disorders such as writer's cramp, tremor, or Parkinson disease. He was not taking any medications and there was no history of drug use or exposure. A standard neurologic examination revealed no abnormalities, and various provocative maneuvers, including having him putt, were unsuccessful in eliciting the aforementioned abnormal movements or postures.
Comment: This case illustrates the typical signs and symptoms of the yips in a profession golfer. Treatment of the yips, if considered a focal dystonia, is symptomatic. If a sensory trick (eg, altering the grip, changing the golf club) is effective, then utilizing this as primary treatment would be optimal. If sensory tricks provide inadequate relief, as in other focal dystonias, injection of botulinum toxin would be the treatment of choice. Of critical importance is the analysis of the movement and the selection of the right muscles and dosage of botulinum toxin in order to prevent excessive weakness. Use of other medications used to treat focal occupational dystonias, such as muscle relaxants, anticholinergic agents, and benzodiazepines, may be an option, but has rarely been successful due to lack of efficacy or intolerable side effects. If drug therapy is administered when treating elite and professional athletes, physicians should check with the sport's governing bodies for a list of banned substances (professional golf uses the current World Anti Doping Agency [WADA] Guidelines). Other treatment modalities, including hypnosis, psychological counseling, acupuncture, biofeedback, and relaxation techniques have not been adequately studied for other focal dystonias.
CONCLUSION
The field of sports neurology is a rapidly growing subspecialty. Although concussion remains the major focus, the neurologist will encounter unusual sports-related conditions in athletes of all levels, some of which may have catastrophic consequences. Neurologists should be aware of these conditions and able to provide appropriate diagnosis, management, and, if needed, referral to a specialist.
